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ABSTRACT 


Test  result*  are  presented  for  the  Fall  1973  testing  performed  under 
the  Passive  Nosetip  Technology  Program  at  the  AFFOL  50  KW  RENT  facility.  The 
purposes  of  these  experiments  werex 

e Nosetip  shape  change  testing  at  conditions  predicted  to  produce 
"irregular*  shapes,  and 

e Testing  to  obtain  data  on  nose  radius  and  material  effects  on  transi- 
tion. 

Shape  change  behavior  similar  to  that  previously  seen  on  low-temperature 
ablator  testing  was  observed.  Transitional  flow  was  observed  on  all  models. 
Shape  change  profiles,  recession  data,  surface  temperature  measurements  and 
post-test  photographs  are  presented  herein.  Data  correlation  activities  are 
in  progress  and  no  results,  other  than  very  preliminary  observations,  are  pre- 
sented. 
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SECTION  1 
INTRODUCTION 


This  report  documents  the  results  of  e test  series  conducted  in  the  AJFTO'^ 
SO  MM  RENT  ere  during  November  of  1973  ss  pert  of  the  SAKSO  sponsored  Passive 
Nose tip  Technology  (PANT)  Prog re*.  The  objectives  of  this  test  series  were  to 
investigate  noset ip  boundary  layer  transition  and  shape  change  phenomena. 

Seventeen  models  of  various  sixes  and  shapes  fabricated  from  ATJ-S  graph- 
ite, Nod- I I la  carbon/carbon,  and  ravarse  dixie  cup  carbjn  phenolic  were  ablation 
tasted  at  various  test  conditions  with  impact  prassuras  ranging  from  12  to  40 
atmospheres.  The  overall  objectives  and  specific  approach  for  this  test  series 
wee  documented  in  detail  in  the  Pre-Test  Plsn  Report,  Reference  1.  In  general, 
the  experiment  performed  es  required  end  the  testing  objectives  were  satisfied. 

The  rationale  for  this  test  series,  the  test  equipment  used,  and  tha  test 
conditions  achieved  ere  summarised  in  Section  2.  The  reduced  test  date  are  pre- 
sented in  Section  3 without  analysis  or  comparison  to  theory.  Some  preliminary 
observations  relative  to  the  results  of  this  test  series  are  suide  in  Section  4. 


SECTION  2 


IMPLEMENTATION 

The  basic  test  plan  as  detailed  in  Reference  1 was  maintained.  Its  prin- 
cipal features  are  repeated  here  for  completeness,  with  op  :ific  attention  paid 
to  those  areas  where  actual  practice  varied  from  the  plan. 

2.1  RATIONALE 

As  documented  in  the  pretest  plan  (particularly,  Appendices  A and  B*)  con- 
siderable effort  was  devoted  to  selection  of  the  tert  conditions.  The  motivation 
for  this  selection  is  discussed  below  for  both  test  objectives. 

2.1.1  Nosetip  Transition 

A major  uncertainty  in  calculating  the  shape  change  history  of  an  R/V 
nosetip  is  associated  with  predicting  the  altitude  and  location  of  boundary 
layer  transition.  This  problem  was  reviewed  early  in  the  PANT  program  (Refer- 
ence 3),  and  extensive  wind  tunnel  tests  were  carried  out  to  measure  transition 
locations  on  rough  wall  blunt  calorimeter  models  tested  in  NOL  tunnel  8 (Refer- 
ences 4 and  5).  These  wind  tunnel  tests  provided  high  quality  data  on  artifi- 
cially roughened  surfaces  tested  at  Reynolds  numbers  and  Mach  numbers  of  inter- 
est. However,  some  uncertainty  is  associated  with  the  fact  that  these  sorts  of 
tests  cannot  be  conducted  on  the  "real"  surfaces  (i.e.,  that  of  ablating  graph- 
ite, carbon/carbon,  etc.)  in  a “ hyper the rma 1 " environment  (i.e.,  with  total  en- 
thalpy approaching  that  experienced  in  reentry). 

Boundary  layer  transition  data  can  be  (and  has  been)  obtained  on  real 
ablative  materials  in  hyperthermal  environments.  However,  this  data  is  of 
somewhat  lower  quality  because! 

1.  Boundary  layer  transition  is  detected  by  noting  the  model  shape 
change  pattern  (cf..  Figure  2-1).  This  is  relatively  imprecise. 
Transition  “onset"  (i.e.,  whether  transition  occurred  at  all  on 
the  nose)  can  be  detected  with  confidence,  but  it  is  difficult  to 
accurately  measure  transition  location. 

2.  The  test  environment  produced  by  facilities  capable  of  these  hyper- 
thermal tests  (e.g. , high  pressure  arcs)  is  usually  both  uncertain 

Appendix  B is  also  hound  separately  as  Reference  2. 
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Figure  2-1.  Detection  of  Boundary  Layer  Transition  from  Ablating 
Nosetip  Model  Shape  Change  Patterns  (Exaaple  Data 
frora  Fall,  1971  AFML/PANT  SO  MW  Test  Series). 
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and  nonunifora  relative  to  w<  ' tunnels  ordinarily  used  for  transi- 
tion testing. 

In  spite  of  these  factors,  much  can  be  learned  by  analyzing  nosetip  model  abla- 
tion data  to  "back  out"  transition  information.  Por  example,  positive  conclu- 
sions suiy  be  drawn  regarding  the  transition  potential  of  one  material  relative 
to  another. 

A preliminary  transition  analysis  of  recent  nosetip  model  ablation  data 
obtained  in  the  AFFDL  50  MW  RENT  arc  is  included  as  Appendix  A to  the  pretest 
plan  (Reference  1).  This  analysis  considers  only  transition  onset,  not  transi- 
tion location.  The  analyses  of  Appendix  A of  Reference  1 and  Reference  5 demon- 
strate the  validity  of  deducing  transition  data  from  ablation  data.  These  anal- 
yses indicated  a need  for  certain  additional  ablation  data  to  answer  questions 
regarding  model  size  effects,  material  effects,  and  environmental  effects.  These 
requirements  formed  the  basis  for  the  transition  tests  conducted!  during  this  test 
series. 

2*1.2  No— tip  Shape  Change 

The  second  objective  of  this  test  series  was  to  study  the  shape  change 
pattern  of  noBetip  materials  ablating  in  a hyperthermal  environment.  Particu- 
lar emphasis  was  placed  on  the  possible  development  of  "irregular"  shapes. 

“Irregular"  shape  development,  as  used  here,  denotes  a peculiar  shape 
change  pattern  which  may  occur  for  certain  combinations  of  flow  conditions. 

Pigure  2-2  shows  typical  irregular  shapes  assumed  by  low  temperature  ablator 
models  (camphor  and  paradichlorobenzene)  tested  in  the  NOL  hypersonic  tunnel 
number  8 as  part  of  the  PANT  program  (References  6 and  7).  Examples  of  irregu- 
lar shapes  are: 

a.  Models  which  ablate  asymmetrically — even  though  the  flow  field  and 
material  are  essentially  uniform,  and  the  model  is  at  zero  angle  of 
attack  (c.g.,  Figure  2- 2a). 

b.  Models  which  develop  a very  long  slender  pointed  shape — where  the 
slender  protrusion  in  the  nose  region  often  breaks  off  due  to  its 
fragility  (e.g.,  Figure  2-2b) . 

c.  Models  which  ablate  to  an  essentially  blunt  shape  except  for  a sharp 
protrusion  in  the  stagnation  region — this  shape  can  give  rise  to  a 
high  frequency  oscillation  of  the  bow  shock  structure  sometimes 
called  "buzz*  (e.g..  Figure  2-2c) . 

These  irregular  shapes  are  of  very  practical  interest  in  that  their  development 
on  a flight  nosetip  can  lead  to  obvious  undesirable  effects. 
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a.  Asymmetric  Ablation  (Kun  202:  Campnor  at  Re  - 

10 ‘/ft) 


b.  Long  Sierder  Fragile  Shape  Development  (Run  209: 
Camphor  at  ReM  ■ 5.2  x 10‘/ft) 


c.  Development  of  Blunt  Shape  with  Sharo  Protrusion 
(Run  20:  Paradiclorobenzene  at  Re  = 9.2  x 10‘) 

w 

Figure  2-2.  Examples  of  "Irregular"  Nozetip  Ablated  Shape 
Development  (Data  from  PANT  Low  Terqperature 
Ablator  Model  Tests  in  NOL  Tunnel  8) 
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The  physical  event  associated  with  the  development  of  these  irregular 
shapes  are  not  totally  understood  at  present.  However,  two  necessary  (though 
probably  not  sufficient)  flow  field  conditions  are  required; 

1.  The  flow  field  Reynolds  number  must  be  high  enough  (and/or  the 
model  must  be  large  and  rough  enough)  to  cause  boundary  layer 
transition  at  least  as  far  forward  as  the  sonic  point  on  the 
nosetip 

2.  The  flow  field  Mach  number  must  be  high  enough  (and  the  model  must 
ablate  to  a sharp  enough  shape)  to  give  rise  to  significant  entropy 
layer  effects.  That  i»,  the  entropy  gradient  along  the  boundary 
layer  edge  must  be  substantial  enough  and  must  occur  far  enough 
forward  to  cause  a significant  variation  in  heat  and  mass  transfer 
rates  to  the  nose. 


The  development  of  irregular  shapes  as  previously  defined  has  never  been 
observed  on  graphitic  materials  tested  in  an  arc  jet,  combustion  driven,  or 
other  hyperthermal  ablation  test  facility  (a  possible  exception  is  that  asym- 
metric shapes  sometimes  develop  when  transition  is  incipient) . The  reason  for 
this  is  probably  due  to  requirement  number  2 above.  That  is,  in  order  to  max- 
imize the  impact  pressure  on  the  model,  nosetip  material  test  facilities  usu- 
ally utilize  a low  expansion  ratio  nozzle.  Since  the  stream  Mach  number  is 
low,  the  model  bow  shock  is  weak  and  entropy  gradient  effects  on  ablation  are 
quit®  small  (cf.,  Reference  8). 


With  respect  to  simulating  flight  type  nosetip  shape  change  in  a hyper- 
thermal ground  test  facility,  the  following  question  arises,  “How  high  must 
the  jet  Mach  number  be  in  order  to  produce  entropy  layer  affected  shape  change 
patterns?"  Also,  “With  the  Mach  number  this  high,  will  the  impact  pressure  be 
adequate  to  assure  boundary  layer  transition  and  turbulent  chape  development?" 

A parametric  analysis  was  carried  out  to  answer  these  questions  considering  the 
SO  !Ot  ^rc  cpcrst-inci  CMpwbi litics i c* IcuIm tiens  * w*  dwCUiMsnwSd  i ^ 

Appendix  B to  the  pretest  plan  (Reference  2). 


The  analyses  documented  in  Appendix  B indicate  the  feasibility  of  test- 
ing nosetip  models  in  the  50  MW  arc  at  a Mach  number  high  enough  to  produce  sig- 
nificant entropy  layer  effects,  yet  low  enough  to  produce  impact  pressures  ade- 
quate to  assure  transition.  The  optimum  test  condition  for  this  objective  was 
shown  to  be  obtained  using  the  0.9  inch  throat  diameter,  2.39  inch  exit  diameter 
contoured  nozzle  (which  results  in  a stream  Mach  number  of  slightly  over  3) , 
an  arc  chamber  pressure  of  about  100  atm,  the  “flat  enthalpy  profile"  air  in- 
jection configuration  (to  minimize  nonuniformities  and  maximize  Reynolds  number) , 


teat  models  based  on  a 5/S  inch  po**  (or  shoulder ) radius,  and  test  times  of 
20  to  30  seconds.  These  tradeoffs  between  impact  pressure  and  Mach  number  are 
illustrated  in  Figure  2-3  from  Reference  2. 

It  was  uncertain  whether  or  not  these  test  conditions  will  give  rise  to 
the  developstent  of  any  "irregular"  ablated  shapes  as  previously  defined.  How- 
ever, it  was  felt  that  the  test  conditions  selected  were  optimum  in  this  respect 
relative  to  the  basic  capabilities  cf  the  50  MW  arc.  Even  if  "irregular”  shapes 
did  not  develop,  ablation  data  at  these  conditions  would  be  valuable  in  that 
they  would  indicate  useful  information  regarding  boundary  layer  transition  and 
Mach  number  effects  on  shape  change. 

2.2  TEST  MATRIX 

The  testing  as  actually  performed  ia  summarized  in  Table  2-1.  Runs  001, 
002,  and  003  were  devoted  to  resolving  a model  positioner  malfunction  and  only 
calibration  data  was  obtained.  Due  to  the  breakage  of  the  first  model  exposed 
(Run  004,  Strut  1),  the  schedule  was  rearranged  to  allow  evaluation  of  the  prob- 
lem and  development  of  a cure.  All  test  parameters  shown  in  Table  2-1  are  the 
actual  values  based  on  measurement  of  arc  heater  conditions  and  interpretation 
of  calibration  data. 

The  test  matrix  included  six  arc  heater  runs: 

e Three  runs  addressed  the  "nosetip  transition"  objective  (Section 

2.1.1) 

• Three  runs  addressed  the  "nosetip  shape  change*  objective  (Section 

2.1.2) . 

The  test  conditions  (Pfc  and  ) shown  uiffer  somewhat  from  the  origi- 
nally planned  conditions.  The2impact  pressure  (?t  ) was  adjusted  in  the  course 
of  the  testing  to  attempt  to  produce  transitional  ?lows.  Although  the  impact 
pressures  for  Run  005  and  006  were  initially  intended  to  be  somewhat  higher, 
the  highly  turbulent  character  of  the  flow  on  Run  004  indicated  that  pressure 
reduction  was  required  to  obtain  transitional  flow  over  carbon  phenolic  models. 
The  results  for  Run  006,  in  particular,  were  relatively  unsatisfying,  character- 
ized by  massive  delamination  due  to  in-depth  charring.  This  problem  may  have 
been  compounded  by  the  lower  than  anticipated  bulk  enthalpy  resulting  from  modi- 
fications to  the  arc  heater  to  obtain  improved  cooling  and  reduced  erosion  of 
the  front  electrode.  Details  of  the  determination  of  the  enthalpy  and  pressure 
calibrations  are  discussed  in  Section  3.5. 

Details  of  the  model  failure  on  Run  004  and  the  curative  steps  taken  are 
presented  in  the  discussion  of  the  test  models  (Section  2.4).  Because  of  the 
uncertainty  in  the  survival  of  the  ATJ-S  models  with  the  silica  phenolic  holders, 
a solid  ATJ-S  model  was  fabricated  by  Southern  Research  Institute  on  an  ex- 
tremely short  turn-around.  Thiu  model  was  mounted  on  strut  3 of  Run  007  to  act 


2-6 


P"*  0-9 
^ -lOO  ATM 
H»  • 9000 
T */■  2 
f?N  . i4  D, 


*~~yr  — X ^gAMsmoKi  ^(ANogeso^,  tf.oor; 

/ Ss..  X^-gftMfcg  OP 

50  MW  NCZZLTS  (C<OUtCAL,  P»PA(?AU£L  PbCMfT  ' - 

PC  CP  P P P 


0...T  - I^HES 


Figure  2-3.  Hach  Number/Impact  Pressure  Tradeoff 


NOTE:  predicted  values  are  froa  Reference  2 and  are  calculated  for 
3000  Btu/lt*  enthalpy  whereas  actual  results  are  approxi- 
mately 2000  Btu/lb*  due  to  changes  in  ar^  operation. 


IX  AS  ACTUALLY  RUN 


*«  a backup  in  case  c?  further  Modal  failure*.  All  aodala  for  Run  007  survived 
tha  exposure , Making  "hit  aodfl  basically  redundant;  thus  elaborate  data  reduc- 
tion was  not  perforMed  for  thia  Model. 

2.3  TEST  EQUIPMENT 

The  pertinent  test  equipment  is  deacribed  in  thia  section.  This  include* 
the  arc  heater  unit  and  associated  instrumentation.  The  ablative  Models  are 
described  in  Section  2.4. 

The  tests  were  conducted  in  the  RENT  (reentry  nosetip)  test  leg  of  the 
Air  Force  Flight  Dynamics  Laboratory  50  KM  arc  heater  facility.  The  D*  - 0.90 
inch,  D#  » 2.393  inch  contoured  nossle  wee  used  for  Runs  001  through  007  and 
the  D*  • 0.90  inch,  D - 1.493  inch  contoured  nozzle  was  used  for  Runt  008  and 
009.  Details  ragarding  the  facility  hardware,  data  acquisition  systems,  operat- 
ing procedures,  etc.,  are  contained  in  Reference  9 and  will  not  be  discussed 
further. 

The  facility  servo-controlled  axial  drive  ayetem  was  utilized  for  ell 
testa.  The  model  stagnation  points  were  maintained  0.15  inch  downstream  of  the 
nozzle  exit  for  Runs  008  and  009.  The  model  standoff  distance  for  all  other 
runs  was  0.10  inch.  Slight  position  variations  occurred  for  the  initial  few 
milliseconds  of  the  test  since  the  system  is  turned  off  while  the  model  surface 
temperature  is  too  low  to  activate  the  positioner  sensor*.  The  model  axial 
position  was  recorded  to  enable  computation  of  the  ablation  rate.  This  is  com- 
pared to  recession  rates  obtained  frost  movie  data  in  Section  3.2. 

Phocographic  coverage  was  provided  by  four  cameras  as  sketched  in  Figure 
2-4.  The  lens  sizes,  camera  speeds,  film  type  and  exposure  were  as  indicated 
in  the  pretest  plan.  The  north  and  south  Photosonica  cameras  provided  high 
speed,  high  resolution  shape  change  and  recession  information.  Because  of  the 
visibility  of  the  tungsten  reference  marks  in  the  north  camera  and  difficulty 
in  evading  timing  marks  on  the  aouth  camera,  fiia  from  the  north  camera  was 
used  consistently  for  the  data  reduction.  The  cameras  mounted  directly  above 
provided  backup  recession  data  from  the  top-view  Locam  ar.d  documentary  coverage 
from  the  overview  Locaa.  An  overhead  TV  monitor  provided  real  time  coverage 
of  the  model  performance. 

Three  Thermogage  optical  pyrometers  were  used  for  this  test  series.  The 
positions  and  basic  specifications  (including  wavelength  sensitivity  and  target 
size)  of  these  instruments  are  indicated  in  rigure  2-4.  All  instruments  "looked” 
et  the  BKXlal  in  a direction  normal  to  the  model  centerline  with  the  line-of- 
aiaht  positioned  0.1  inchew  .'ack  from  the  stagnatior  point  (assuming  the  model 
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Figure  2-4.  Schematic  of  Test  Equipment  Cosf igurition 


position  was  maintained  as  specified)  for  two  pyrometers  and  .625  inches  (for 
Runs  004  through  007)  or  .15  inches  (for  Runs  008  and  009)  from  the  stagnation 
point  for  the  third.  The  pyrometer  data  was  recorded  on  the  high  speed  digital 
data  system  and  the  oscillograph,  as  per  usual  practice.  Detailed  pyrometer 
data  reduction  is  presented  in  Section  3.3. 

Heat  flux  calorimeter  models  were  used  in  this  test  series  as  indicated 
in  the  test  matrix,  Table  2-1.  All  heat  flux  models  utilized  null  point  calorim- 
eter sluyr  ind  were  swept  across  the  jet  as  described  in  Reference  10.  The 
instruments  used  were  of  two  types: 

• ^stau  waa  an  *crotherB  calorimeter  model  with  a 0.25  and  one 
null  point  slug  located  at  the  stagnation  point.  This  model  was 
used  in  all  runs. 

• q0  was  an  Aerotherm  calorimeter  model  with  1 0.75  and  six  null 
point  slugs  mounted  at  various  locations  along  the  streamvise  length. 
This  model  was  utilized  in  Runs  002  through  005  only. 

The  reduced  heat  flux  data  is  presented  in  Section  3.5. 

Ail  runs  included  the  exposure  of  pressure  models  as  indicated  in  Table 
2-1.  A pressure  model  with  a 0.75“  and  multiple  ports  (at  the  stagnation 
point,  20* , 30*  and  40*)  was  swept  through  the  stream  for  Runs  001  through  007. 

A model  with  a 0.5*  and  four  pressure  ports  was  used  on  Runs  008  and  009. 
Reduced  pressure  data  is  also  presented  in  Section  3.5. 

2 . 4 MODELS 

This  test  series  included  exposure  of  17  ablative  models.  Included  in 
the  testing  were  inverted  dixie  cup  carbon  phenolic,  ATJ-S  graphite,  and  Mod 
Ilia  carbon/carbon  models  falling  generally  into  two  classes.  The  large  models 
(four  ATJ-S  and  three  carbon  phenolic)  were  for  the  shape  change  testing.  The 
smaller  and  more  varied  geometry  models  (two  carbon  phenolic,  four  ATJ-S  and 
four  Mod  Hi)  were  to  observe  material  and  nose  radius  effects  on  transition. 
Figure  2-5  sketches  the  configurations  tested  in  the  shape  change  portion  while 
Figure  2-6  shows  model  configurations  used  for  the  transition  testing.  All  mod- 
els except  the  first  one  performed  in  a satisfactory  manner  allowing  collection 
of  the  high  quality  shape  change  data  desired.  Two  model  design  problems  arose 
which  did  impact  the  experimental  operation.  These  were  (1)  the  catastrophic 
shape  change  model  failure,  and  (2)  breakage  of  the  silica  phenolic  holders 
for  the  transition  models. 

The  graphite  shape  change  models  utilized  a composite  design  to  limit 
heating  of  the  steel  strut  during  the  long  exposure  times.  If  an  integral  de- 
sign of  ATJ-S  were  used  for  these  models,  the  high  thermal  conductivity  of  the 
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graphite  would  result  in  potentially  critical  temperatures  at  the  steel  mount- 
ing interface.  To  prevent  this  an  inaert  of  relatively  low  conductivity  silica 
phenolic  was  used  as  shown  in  Figure  2-7a.  The  graphite  noaetip  was  bonded  to 
the  inaert  with  a coeaearcial  epoxy  in  addition  to  being  retained  by  a 1-D  carbon/ 
carbon  cross-pin.  The  firot  nodal  of  this  design  failed  approximately  nine 
seconds  into  its  exposure.  The  failure  occurred  in  the  skirt  region,  indicative 
of  an  incompatibility  between  the  graphite  and  the  insert.  After  examination 
of  the  model*  it  was  speculated  that  the  failure  waa  due  to  volatilization  of 
the  epoxy  bonding  without  sufficient  venting  to  allow  the  gaa  to  escape.  The 
reaulting  pressure  rise  then  fractured  the  graphite,  causing  failure.  To  pre- 
vent this  gas  buildup,  the  remaining  models  of  this  design  were  drilled  as  shown 
in  Figure  2-7b  to  provide  pressure  relief  of  the  vaporized  adhesive.  In  addi- 
tion. a solid  model  waa  fabricated  at  Southern  Research  for  incorporation  as  a 
backup,  For  this  model,  a slightly  reduced  exposure  time  (20  seconds)  was  spec- 
ified to  lessen  the  possibility  of  damage.  Both  of  the  remaining  ATJ-S  models 
and  the  backup  model  were  tested  on  Run  007,  which  was  a rather  spectacular  run 
because  of  the  70  second  total  exposure  tire  for  the  three  ablative  models. 

All  three  models  survived  although  the  fir-t  model  cracked  severely  lii  ths  skirt 
region  on  exit.  Tentative  confirmation  of  the  bond  volatizacion  hypothesis  was 
provided  by  films  of  the  run,  which  showed  dark  spots  around  the  holes  apparently 
attributable  to  jet*  of  outgas  products. 

The  second  problem,  breaking  of  the  transition  model  holder,  while  not 
serious,  was  irritating  since  the  models  would  bounce  around  the  facility  pos- 
sibly sustaining  additional  damage.  This  breakage  was  caused  by  the  severe  side 
loading  to  which  models  are  exposed  as  they  are  removed  from  the  high  pressure 
jet,  in  conjunction  with  the  fact  that  the  silica  phenolic  model  holders  are 
weakened  duo  to  charring  whi’c  in  the  jet.  This  is  a common  problem  in  50  HW 
testing  when  silica  phenolic  ut  carbon  phenolic  model  holders  are  used.  Only 
the  Mod  III  model  on  Run  9 survived  although  only  the  first  model  on  Run  9 was 
not  recovered.  The  one  model  where  it  waa  impossible  to  discern  post-exposure 
chipping  from  ablation  was  tha  flat  face  nodal  which  appeared  to  behave  anom- 
alously. 

The  use  of  tungsten  pins  to  provide  reference  marks  for  the  recession 
measurements  was  highly  successful.  The  pins  are  especially  valuable  as  op- 
posed to  holee  because  they  quickly  heat  up  and  provide  a bright  spot  even  at 
early  tines.  Where  feasible,  It  appears  desirable  to  have  the  pins  as  far  for- 
ward at  possible  to  appear  in  the  field  of  view  for  all  cameras. 
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SECTION  3 


RESULTS 


The  data  obtained  in  the  course  of  this  test  series  are  summarized  in 
this  section.  The  primary  data  source  for  both  the  shap»»  chance  and  transition 
tests  is  the  high  speed  photography.  3oth  the  model  shape  change  profiles 
(Section  3.1)  and  stagnation  point  recession  histories  (Section  3.2)  are  de- 
duced from  this  film  data.  Since  the  model  is  advar  axially  to  compensate 
for  ablation  (as  discussed  in  Section  3.2),  the  me  -i ; \ ia.l  position  read-out 
also  provides  data  relative  to  the  model  recession  i».i. /.  The  reduced  pyrer — 
eter  data  is  presented  in  Section  3.3,  although  surface  temperature  measurement 
was  not  a primary  objective  of  this  test  series.  Post-test  photographs  of  the 
models  are  included  as  Section  3.4.  Reduced  pressure  and  heat  flux  calibration 
data  is  presented  in  Section  3.5. 


3 . 1 SHAPE  CHANGE  DATA 


Ablative  model  shape  chanqe  histories  as  traced  from  rhe  movie  film  data 
and  techniques  utilised  in  reducing  this  data  are  presented  in  this  section. 

As  discussed  in  Section  2.2,  the  first  three  runs  were  used  to  correct  a model 
axial  positioner  malfunction  and  provided  only  pressure  ar.d  heat  flux  data. 

The  shape  change  histories  for  Runs  004  through  009  are  shown  in  Figures  3-1 
through  3-6. 


The  model  shape  change  histories  were  obtained  through  the  following 
procedure:  The  movie  film  was  projected  onto  a screen  (using  a L 4 W Photo 

Optical  Data  Analyzer  node!  224-Aj  and  the  initial  model  shape  was  traced  or.  a 
sheet  of  paper  so  as  to  accommodate  the  entire  model.  For  the  initial  profile, 
care  was  taken  to  establish  a reference  point  on  the  advancing  model  or  otrut 
which  would  be  visible  throughout  the  entire  test  for  successive  shape  change 
profiles.  The  reference  mark  was  generally  the  tungsten  pin  mounted  on  the 
model  as  discussed  in  Section  2.4.  Time  increments  were  selected  to  provide 
from  10  to  15  profiles  over  the  test  duration. 


The  film  data  was  synchronized  in  time  to  the  high  speed  digital  data 
which  was  recorded,  and  later  printed,  at  millisecond  intervals.  This  same 
timo  scale  is  exposed  in  a coded  form  on  the  edge  of  the  movie  film  correspond- 
ina  to  each  frame.  The  "zen  time"  was  taken  as  the  time  when  the  model  first. 
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Ablated  Shape  Contours,  RTN  006,  Strut  2 


Figure  3-3c.  Ablated  Shape  Contours.  tTN  006,  Stmt  3 
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Ablated  Shape  Contours,  RTN  007,  Strut  2 
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Figure  3-6a.  Ablated  Shape  Contours,  frrn  009,  Strut  1 


Ablated  Shape  Contours,  RTN  009,  Strut  2 


e 3-6c.  Ablated  Shape  Contours,  Rl'N  009,  Strut  3 


crossed  the  jet  centerline  on  the  way  into  the  jet  (the  models  slightly  over- 
shoot the  jet  centerline  for  a few  milliseconds  due  to  the  elasticity  of  the 
model  sting  system  as  the  carriage  is  locked  into  place). 

In  general,  film  from  the  north  PhotosonicB  camera  was  used  for  these 
contour?..  The  split  filter  used  with  this  camera  usually  resulted  in  the  clear- 
est indication  of  both  the  model  contours  and  the  reference  marks. 

Figures  3-1  through  3-6  are  a reasonable  reconstruction  of  the  model 
shape  change  histories;  however,  they  are  not  precise  as  the  images  were  not 
exceptionally  distinct  for  many  films.  In  addition  to  the  uncertainties  as- 
sociated with  the  translation  of  the  film  images  to  the  shape  contours,  there 
are  certainly  optical  and  photographic  distortions.  The  shape  change  contours 
were  not  corrected  for  any  of  these  uncertainties  since  the  extent  of  each  is 
no'  kno.m.  These  figures  do  not  show  microsurface  roughness  but  are  indicative 
of  mac; ©surface  roughness. 

No  shape  change  results  are  presented  for  Run  007,  strut  3 since  the 
backup  model  mentioned  in  Section  2.4  did  not  have  any  reference  marks  and  thus 
obtaining  definitive  shape  change  contours  would  be  difficult. 

3.2  SURFACE  RECESSION  DATA 

Stagnation  point  surface  recession  histories  were  deduced  from  available 
data  for  all  ablative  models  on  Runs  004  through  009,  and  these  deta  are  plotted 
in  Figures  3-7  through  3-12.  Methods  used  to  reduce  the  film  data  and  model 
positioner  data  are  discussed  in  this  section. 

3.2.1  Recession  from  Movie  Film  Data 

This  data  was  obtained  from  the  shape  change  contours  shorn  in  Figures 
3-1  through  3-6  by  measuring  the  distance  between  successive  contours.  By  meas- 
uring reference  distances  on  the  shape  change  plots  and  comparing  them  to  the 
known  actual  geometry,  a scale  factor  may  be  determined  to  convert  recession 
measurements  to  actual  inches.  The  recession  measurements  were  synchronized 
with  time  by  recording  the  “time"  on  the  film  tracing  and  subtracting  the  "zero 
time”  discussed  in  Section  3.1.  The  stagnation  point  recession  data  are  shown 
in  Figures  3-7  through  3-12. 

3.2.2  Recession  from  Model  Positioner  Data 

The  RENT  facility  utilizes  a servo-controlled  strut  drive  system  to  main- 
tain the  tip  of  the  ablating  model  at  the  same  position  relative  to  the  nozzle 
exit  throughout  the  run.  The  positioner  data  output  through  che  run  is  stored 
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Figure  3- 7b.  Reduced  Model  Surface  Recession  Data 
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Figure  3-8*.  Reduced  Model  Surf nee  Recession  Data 


RECESSION  ORTfl.  50MW  RTN-005.  STiNG  2 

• FILM  ORTH  ■ BOOEL  POSITIONER 


INI ) N01SS303N  'id  'OtfiS 


3-21 


Figure  3-8b.  Reduced  Model  Surface  Recession  0<ta 
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Figure  3-9».  Reduced  Itodel  Surface  Recession  Data 
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Hgure  3-10b.  Reduced  Model  Surface  Recession  Data 
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Figure  3-1  lb.  Reduced  Model  Surface  Recession  Data 
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Figure  3-11c.  Reduced  Model  Surface  Recession  Oati 


Figure  3-12a.  Reduced  Model  Surface  Recession  Data 
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Figure  3-1 2b.  Reduced  Model  Surface  Recession  Data 


on  the  high  speed  data  tap*  and  can  t . l ducad  to  provide  a check  of  the  optical 
recession  res’  Its.  Axial  position  i .forr  tion  is  read  from  the  tape  at  inter- 
vals of  either  100  or  500  millisecom.  spending  on  run  length.  The  aedel  re- 
cession data  is  obtained  by  differencing  the  initial  positioner  reading  and 
the  subsequent  output  which  is  susceptible  to  two  potential  problem*.  The  first 
problem,  which  is  relatively  Minor,  is  that  slight  variations  appear  in  main- 
taining the  nominal  (0.10  or  0.15  inch)  standoff  from  the  nozzle  exit.  The 
uecond  problea,  which  is  more  serious,  is  the  initial  behavior  of  the  model. 

The  model  location  is  determined  by  the  signals  from  a pair  of  closely  spaced 
pyrosssters  actuated  by  the  radiation  from  the  hot  model.  The  initial  tendency 
when  the  cold  model  is  inserted  in  the  stream  is  for  the  positioner  system  to 
attempt  to  move  the  model  up  into  the  nozzle  exit.  To  prevent  this  the  model 
is  locked  into  position  for  the  interval  while  it  is  heating.  The  result  in 
the  data  is  an  initial  period  of  no  recession  followed  by  a short  interval  of 
exaggerated  recession  when  the  positioner  is  unlocked  and  it  attempts  to  com- 
pensate for  the  ablation  that  has  occurred.  This  error  is  not  substantial  on 
the  shape  change  runs  (Suns  005  through  007.  piowre*  ?-?  through  3-10)  where 
exposure  times  are  relatively  long;  how^  er,  on  the  transition  tests  (Runs  008 
and  009,  Figures  3-11  and  3-12)  this  error  coupled  with  the  increased  optical 
and  positioner  errors  associated  with  the  swtll  size  of  these  models  resulted 
in  significant  discrer  -tcies  between  the  film  and  positioner  data  at  least  in 
absolute  magnitude.  In  most  cases  the  slopes  of  the  two  curvss,  the  recession 
rate,  are  quite  similar,  which  is  the  parameter  of  actual  interest.  When  dif- 
ferences exist  the  f^lm  data  is  sure  likely  to  be  correct. 

3 . 3 SURFACE  TEMPERATURE  OATA 

Measurements  c'  the  surface  temperature  of  ablating  models  provide  the 
basis  for  a more  quantitative  understanding  of  the  physics  responsible  for  the 
total  ablation  response  of  the  particular  material  being  tested  (cf.,  Reference 
il).  However,  measurement  ot  the  model  surface  temperature  in  a high  pressure 
arc  such  as  the  50  MW  RENT  facility  is  difficult  for  reasons  such  as  less-than- 
optimum  view  angles  available,  the  small  target  size  required,  high  temperature 
capability  and  fast  response  requirements,  errors  due  to  shock  layer  and  bound- 
ary layer  radiation,  etc.  Application  of  the  instrumentation  and  the  resulting 
surface  temperature  data  is  presented  in  this  section. 

Three  Thermogage  optical  pyrometers  were  used  for  surface  temperature 
data.  These  instruments  use  a silicon  photovoltaic  diode  detector  which  has  a 
sensitivity  peak  of  0.9  microns.  Response  time  is  of  the  order  10  microseconds. 
The  particular  units  used  have  a focal  length  of  12  inches,  a target  size  of 
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less  than  1/32  inch,  and  a temperature  range  of  about  6000*R  without  the  filter 
and  about  8200*R  with  a neutral  density  filter. 

The  calibration  of  these  was  checked  before  and  after  testing  since  sub- 
stantial drift  was  observed  from  the  calibrations  initially  supplied  with  the 
devices.  Little  change  was  noticed  between  pretest  and  post-test  calibrations. 
The  post-test  calibration  was  used  and  as  may  be  seen  gave  excellent  agreement 
for  the  opposed  pyrometers. 

The  mounting  configuration  of  the  pyrometers  within  the  facility  is  in- 
dicated in  Figure  2-4.  All  viewed  the  models  in  a direction  essentially  per- 
pendicular to  the  model  centerlines.  Pyrometers  *1  and  #3  (Thermogage  #932 
and  119,  respectively)  viewed  the  model  at  a location  0.10  inch  back  from  the 
stagnation  point,  i.e.,  0.25  inch  back  from  the  noz2le  exit  plane  for  Runs  005 
and  006  and  0.20  inch  back  for  all  other  runs.  Pyrometer  #2  (Thermogage  923) 
was  aimed  to  view  the  model  at  a location  along  the  centerline  0.625  inch  back 
from  the  stagnation  point  for  Runs  004  through  007  and  0.25  inch  back  for  the 
remaining  Runs  008  and  009. 

The  signals  from  all  pyrometers  were  recorded  on  both  the  oscillograph 
trace  and  high  speed  digital  data  system.  Raw  digital  data  from  the  pyrometers 
was  input  to  a data  reduction  computer  program  set  up  by  Aerotherm  which  in- 
cludes signal  conversion  information,  the  appropriate  calibration  curves,  and 
machine  plotted  output  in  the  form  of  brightness  temperature  vs.  time. 

Ablative  model  surface  temperature  histories  obtained  in  the  above  de- 
scribed fashion  are  shown  in  Figures  3-13  through  3-18.  These  data  are  plotted 
in  terms  of  brightness  temperature,  i.e.,  they  presume  that  the  emittance,  e, 
is  unity.  Brightness  temperature,  Tb»  may  be  converted  to  actual  temperature, 
T,  by  the  formula 


1 

T 


E 


where  a is  the  wavelength  and  C * 1.438  cm9K.  There  are  data  (e.y.,  Reference 
12)  indicating  that  the  emittances  for  the  graphitic  materials  of  interest  here 
are  quite  high,  around  e « 0.95.  For  X * . 9 microns  and  e * .95,  T^  ■ 6500*R, 
the  above  formula  indicates  that  T » 6576*R.  Thus,  for  the  graphitic  models, 
the  actual  surface  temperatures  are  probably  only  slightly  greater  than  the 
brightness  temperatures  shown  in  Figures  3-13  through  3-18. 

All  results  except  those  for  Run  006,  strut  3,  Run  007,  strut  3,  Run  008, 
strut  3 and  Run  009,  strut  3 provide  excellent  data,  unfortunately,  surface 
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Figure  3- 1 3b.  Reduced  Pyrometer  [lata 


PYR0  DflTft  - 50MW  RTM-005 . ST  IN 

• rHERflOGHGEl  ■ THERI10GRGE2  » THERf1GGRGE3 


o 


3-38 


2500  5000  7500  10000  12500  ISOQH  17500  20000  22S00  25000  27500 

T I ME  ( MSEC  I 
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Figure  3- 14b.  Reduced  Pyrometer  Data 
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Figure  3- 1 5b.  Reduced  Pyrometer  Data 
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Figure  3-1 7a.  Reduced  Pyrometer  Data 
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Figure  3-18a.  Reduced  Pyrometer  )ata 
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brightness  digital  data  was  unavailable  for  the  above  tests,  possibly  due  to 
equipment  Malfunction  or  switching  errors  for  the  third  strut  testing 

3.4  POST-TEST  PHOTOGRAPHS 

Shown  in  Figures  3-19  through  3-25  are  both  profile  and  detail  post- 
test photographs  of  the  ablative  models  tested  on  this  series. 

3.5  CALIBRATION  DATA 

This  test  series  included  exposure  of  both  pressure  and  heat  flux  probes 
to  obtain  calibrations  of  the  arc  jet  conditions.  The  instrumentation  used 
was  described  briefly  in  Section  2.3  and  the  calibration  model  exposure  schedule 
is  indicated  in  Table  2-1,  The  calibration  measurement  results  are  presented 
in  Sections  3.5.1  and  3.5.2  for  the  pressure  and  heat  flux  data,  respectively. 

3.5.1  Pressure  Data 

Pressure  data  were  reduced  from  the  raw  high  speed  digital  data  by  AFFDL 
using  a program  which  considers  the  transducer  calibration  and  provides  machine 
plotted  profiles  as  output.  Figures  3-26a  through  d show  measured  jet  pressure 
profiles  from  a typical  pressure  model  (0.75  inch  Rjj  with  ports  at  0°,  20°, 

30°,  and  40°)  exposed  on  a typical  run  (RTN-52-005)  for  the  2.393  inch  nozzle. 
Figure  3-27  presents  the  same  data  for  a typical  run  (008)  with  the  1.493  inch 
nozzle.  These  figures  illustrate  the  type  of  data  obtained  with  the  pressure 
models;  the  pressure  profile  plots  for  other  runs  are  not  included  here  but  are 
available  from  the  present  authors  if  required. 

The  pressure  data  was  interpreted  by  estimating  the  average  "plateau" 
level  for  each  profile  measurement  (such  as  Figures  3-26  and  3-27).  These  data 
were  then  interpreted  in  two  ways; 

1.  Pressure  distribution  data  (for  pressure  models  with  multiple  ports) 
were  compared  with  Newtonian  theory; 

2.  Stagnation  point  pressure  measurements  were  normalized  by  chamber 
pressure  measurements,  and  these  ratios  were  compared  with  theoretical 
ratios  based  on  the  nozzle  expansion  ratio. 

Figures  3-28  and  3-29  show  the  measured  pressure  distributions  compared 
with  the  theoretical  modified  Newtonian  approximation: 
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Photographs  - Transition  Models 
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Photographs  - Shape  Change  Models 
-007,  Strut  1 


3-22.  Post-test  photographs  cf  an  ablation  mode. 

showing  ablation  shape  and  surface  character 
(ATJ-S  graphite) 


8,  Strut  2 

del  on  Strjt  1 was  not  recovered) 


Figure  3-23.  Concluded 
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Figure  3-24.  Post-Test  Photographs  - Transition  Models 
a.  Run  52-009,  Strut  1 
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24.  Concluded 


ist-Test  Photographs  - Transition  Models 
N 52-010,  Strut  3 

ested  as  part  of  Phil  co-Ford  Tests) 


Figure  3-26a.  Sami 


strut  4 i=2S00  rmps  RTN  52-005  9 NGv  73  pressure  output 

CHRNNEt  2 20  IN/SEC  09239P  NOZZLE  PO  = 1066  PSl  PROBE  NOSE  RfiOIUS  0.7 


Pressure  Transducer  Output,  2.393  in  Nozzle 
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Figure  3-26c.  Sample  Pressure  Transducer  Output,  2.393  In  Nozzle 
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Figure  3-27d.  Sample  Pressure  Transducer  Output,  1.493  in  Nozzle 
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Correlation  of  Pressure  Distribution,  1.493  In  Nozzle 


vhsrs  2>  » local  surface  pressure 

P - measured  stagnation  pressure 

z2 

P0  • free  streaa  (nozzle  exit)  pressure 

0 » ingle  between  surface  normal  and  free  stream  velocity  vector. 

This  approximation!  as  expected,  correlates  reasonably  well  with  meas- 
ured data  on  the  spherical  nose,  although  agreement  on  the  1.493  inch  nozzle 
does  show  variation  from  the  theoretical  results,  particularly  on  Run  008. 

The  model  i^>act  pressure  (Pfc  ) measurements  for  each  run  are  tabulated 

in  Table  3-1.  This  table  also  includes  a summary  of  the  arc  chamber  pressures 

(P  ) and  tha  ratios  p /p  . These  are  compared  with  theoretical  impact-to- 
c c ^ c 

chamber  ratios;  both  one-dimensional  y - 1.2  calculations,  and  veriable  y nozzle 
calculations  frost  Reference  9. 


For  the  higher  expansion  ratio  Dfi  * 2.393  inch  nozzle,  Table  3-1  shows 
that  the  average  actual  P_  /P„  ratio  is  very  clcue  to,  and  midway  between,  the 
two  theoretical  values  sho£n.  For  the  D ■ 1.493  inch  nozzle,  the  average  ac- 
tual  Pt;?/Pc  caae  out  somewhat  less  than  the  theoretical  ratios,  implying  & y of 
1.13.  The  reason  for  this  is  not  apparent  since  the  nozzle  dimensions  supposedly 
are  guita  near  the  specified  values.  The  average  actual  ^t2//pc  rat*os  Table 
3-1  are  the  factors  used  to  calculate  the  P„  values  shown  in  tha  tost  matrix. 
Table  2-1. 


3.5.2  Heat  Flux  Data 

Heat  flux  profiles  were  computed  from  the  null  point  caloriraeter  data 
vning  the  PANDA  computer  program  (Reference  12)  by  AFFDL.  Some  typical  heat 
flux  profiles  are  shown  in  Figures  3-30a  through  e.  These  are  the  heat  flux 
profiles  measured  by  the  five  operational  null  point  slugs  (the  sensor  at  the 
stagnation  point  was  nonoperational)  in  the  multislug  model  exposed  on  RTN-52- 
ooS.  Similar  heat  flux  profiles  are  available  for  all  other  calorimeters  ex- 
posed, but  they  are  not  included  here. 

The  heat  flux  data  was  interpreted  in  two  regards: 

1.  To  check  the  inferred  heat  flux  distributions  over  the  multislug 
spherical  nose  calorimeter  model; 

2.  To  check  against  the  procedure  used  to  infer  the  jet  centerline 
enthalpy  levels  for  each  run. 

Heat  flux  profiles  such  as  shown  in  Figures  3-30a  through  e were  inter- 
preted by  estimating  a minimum  and  maximum  for  the  plateau  value;  this  estab- 
lished an  uncertainty  data  band.  For  the  ■ 0.75  inch  multislug  model,  these 
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TABLE  3-1 


SUMMARY  Of  CALIBRATION  DATA 


Run 

Nozzle 

<de/d*) 

% 

(psia) 

Pc 

<psia ) 

VPc 

Experiment 

VPc 

Theory1 

ypc 

Theory2 

52-004 

0.9/2.393 

366 

1689 

.217 

.221 

.190 

52-005 

234 

1065 

.220 

52-006 

195 

915 

.213 

52-007 

375 

1680 

.223 

Average 

for 

Nozzle 

--- 

— 

.218 

52-008 

0.9/1.493 

510 

1092 

.467 

0.497 

0.532 

52-009 

461 

997 

.462 

Average 

for 

Nozzle 

• 

« 

• 

--- 

.455 

theoretical  calculation  based  on  1-D,  frozen  gas,  y « 1.2. 
’Results  presented  in  Reference  9 based  on  real  gas  1-0  flow. 
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Figure  3-30a.  Sample  Heat  Transfer  Sensor  Output 
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Figure  3-39b.  Sample  Heat  Transfer  Sensor  Output 
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Figure  3-30c.  Sample  Heat  Transfer  Sensor  Output 
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F.jure  3-30e.  Sample  Heat  Transfer  Sensor  Output 


heat  flux  data  bands  were  plotted  versus  streamwise  coordinate.  These  heat 
flux  distributions  are  show  in  Figures  3-31a  through  d.  A curve  has  been  drawn 
through  the  data  bands  to  aid  in  interpretation  (••he  curves  do  not  represent 
theoretical  predictions).  These  heat  rlux  plots  show  laminar  heat  flux  dis- 
tributions for  these  cold-wall,  1.5  mil  surface  roughness  calorimeter  models. 

The  multislug  model  used  for  the  testing  was  grit  blasted  to  the  1.5  mil 
roughness  for  an  earlier  test  series. 

Minimum  and  maximum  interpretations  of  the  stagnation  point  heat  flux 
levels  were  also  made  for  the  =■  .25  inch  smooth  calorimeter  models.  These 
data  were  compared  to  each  other  and  to  theory.  To  place  all  of  these  heat  flux 
values  on  a more  comparable  basis,  they  were  all  factored  to  reflect  a total 
enthalpy  level  of  2000  Btu/lbm  using  the  formula: 


2000 


q2000  q H 


B 


where  Hn  is  the  bulk  enthalpy  measured  on  the  run  for  which  the  heat  flux  q 

O 


These  adjusted  measured  heat  flux  values  were  then  compared  to  the  theo- 
retical heat  flux  (using  simplified  Fay-Riddell  theory)  based  on  the  measured 
bulk  enthalpy.  These  comparisons  are  shown  in  Figure  3-32a  (for  the  De  * 2.39 
inch  noizle)  and  b (for  the  De  * 1.49  inch  nozzle).  These  figures  show  that, 
even  with  the  "flat"  enthalpy  configuration,  the  heat  flux  is  slightly  higher 
than  theoretical  based  on  the  bulk  enthalpy.  This  same  observation  has  been 
made  from  numerous  prior  data,  although  primarily  from  the  De  - 1.11  inch  nozzle. 

As  part  of  the  AFHL  contract  F33615-71-C-1215,  a large  quantity  of  heat 

flux  data  obtained  at  various  test  conditions  has  been  interpreted  to  estimate 

curves  of  H„ /H_  vs.  P for  the  "peaked"  and  "flat"  profile  operating  condi- 
V o c 

tions.  These  curves  are  shown  in  Figure  3-33.  The  heat  flux  data  from  this 
series  was  consistent  with  the  “flat"  profile  curve  shown  in  Figure  3-3?,  and 
so  this  curve  was  used  to  estimate  the  centerline  heat  flux  values  shown  in 
the  test  matrix,  Table  2-1. 
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Fart  of  AFR  Contract  FJ3A15-71-C-1Z15). 
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PRELIMINARY  OBSERVATIONS 


In  general,  the  teat  program  went  smoothly  and  ail  data  acquisition 
objectives  were  met.  Relatively  minor  problems  in  model  design  were  discovered 
and  corrections  to  eliminate  these  problems  were  successful. 

The  results  of  the  shape  change  te»tr  (r.u.m  4,  6,  . 7)  provide  detailed 
large  scale  information  on  shape  behavior  in  "realistic*  environments  tor  carbon 
phenolic  and  graphite.  The  model  behavior  was  generally  indicative  of  fully 
turbulent  conditions  without  major  asymmetries  or  irregular  shapes.  This  was 
particularly  true  of  the  carbon  phenolic  stodels  which,  despite  attempts  to 
produce  transitional  flow,  all  exhibited  well-behaved  fully  turbulent  shapes, 
although  small  “knobs"  ryniTd  be  seen  to  form  at  the  stagnation  point. 

With  the  ATJ-S  models,  these  protrueions  or  knobs  appeared  on  a more  regular 
ba*iti  at  the  stagnation  point  and  in  fact  appeared  quite  similar  to  previous 
low  temperature  ablator  tests  as  illustrated  in  Figure  4-1  which  compares  an 
ATJ-S  model  with  a camphor  model  tested  at  Re,,  » 5,10‘/ft  and  ■ 5 in  the 
NOL  hypersonic  wind  tunnel  number  8. 


Run  007,  Sting  2 (Mirt-Tcst) 
a)  Graphite 


Camphor  Run  204  Ir.  NOL-8 

b)  Low  Temperature  Ablator 


Figure  4-1.  Comparison  of  Irregular  Shapes 


For  both  tha  ATJ-S  and  tha  carbon  phenolic,  tha  aphara/cylindar  nodal* 
■earned  to  undergo  a diatinct  two  phase  recession  where  after  transition  occurs 
at  about  tha  sonic  point,  the  shape  proceeds  to  sharpen  to  conic  configuration 
without  substantial  stagnation  point  recession  and  then  alter  achieving  the 
sharpened  shape  recedes  in  a relatively  unifona  wanner.  Th-*  preshtrpened  (30*) 
configurations  for  both  materials  began  to  recede  immediately  without  having 
to  sharpen  thus  achieving  substantially  greater  total  recession. 

The  transition  tests  (Runs  6,  8 and  9)  produced  satisfactory  results 
except  for  tha  two  carbon  phenolic  models.  The  carbon  phenolic  at  th«  lu'* 
impact  pressure  appeared  to  char  extraaely  deeply  end  then  delaminate.  The 
carbon  phenolic  models  transitioned  early  but  the  shape  change  and  roughness 
wars  dominated  by  the  material  characteristics  rather  than  the  fluid  mechanics. 

The  remaining  models  all  presented  useful  information  on  size,  shape, 
and  material  properties  effects  on  transition.  All  models  tested  in  the  email 
(1.49  in)  nozzle  with  the  exception  of  the  flat  faced  ATJ-S  model  exhibited 
early  transition  which  seemed  to  remain  for  a long  time  in  an  "intermediate 
■nape*  pattern  consisting  or  a laminar  region  extending  up  to  about  the  sonic 
point  and  then  in  obviously  turbulent  region  with  a fine  scale  scallop  pattern. 
This  pattern  slowly  sharpens  to  a configuration  similar  to  that  seen  with  the 
LTA  tests  as  illustrated  in  Figure  4-2  which  compares  a typical  50  MW  aample 


Run  8,  Sting  2 
a)  Graphite 


Camphor  Run  216  in 

NOL-8  (Intermediate  Shape) 

b)  Low  Temperature  Ablator 


Figure  4-2.  Comparison  of  Transitional  Shapes 


with  results  from  a camphor  model  tested  in  tha  NOL  hypertonic  tunnel.  Detailed 
information  on  effect*  of  material  and  geometry  requires  further  analysi*  of 
this  data. 
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The  large  {0.75  in  noae  radius)  Mod-IH  Model  on  Scing  3 of  Run  005 
appeared  to  be  transitional  at  completion  of  testing  (Figure  3-21c) . Large 
gouges  were  evident  starting  at  about  the  45*  location  around  the  note.  Thus, 
this  large  nose  radius  Hod-III  appeared  to  be  experiencing  incipient  transition 

even  at  this  low  presaure  CP.  - 12  atm)  test  condition. 

*2 

The  flat  faced  ATJ-S  model  on  Sting  1 of  Run  009  appeared  to  maintain  a 
laminar  boundary  layer  through  most  of  its  exposure.  This  model  experienced 
very  little  recession  (Figure  3-12a) . in  particular,  during  the  four  seconds 
of  exposure,  this  model  did  not  even  sblate  to  a rounded  blunt  "laadnar*  shape 
as  might  be  expected.  It  is  uncertain  whether  or  not  the  irregular  ablation 
at  the  corners  of  this  model  near  the  end  of  the  exposure  is  indicative  of 
transition. 
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